Four experiments involving 3-to 4-wk-old, ad libitum-fed weanling pigs (n=809) were conducted to determine the effects of initial pig weight, co-mingling of litters, numbers of pigs/pen and room temperature on pig performance in a conventionally equipped nursery. Pigs that were largest at birth were largest (P<.01) at weaning (r=.66) and also at 28 d postweaning (r=.62). Light-weight pigs (3.8 kg) at weaning gained more slowly (P<.05) for 4 wk postweaning than heavy weight pigs (6.5 kg). Growth curves for the light and heavy groups of pigs remained parallel throughout the 4-wk nursery period, indicating that small pigs were not making compensatory gains. Growth rates of average-weight pigs (5.2 kg) were intermediate to and not different (P>.05) from light-and heavy-weight pigs. Penning 8, 16 or 24 pigs together while maintaining constant flooring area and feeder and waterer space/pig did not reduce (P>.05) intakes, gains or feed:gain ratios. Co-mingled litters grew comparably (P>.05) to pigs reared as littermates. In temperature studies, pigs were reared either in a room maintained at 29 + 2.8 C throughout the 28-d trials or at 29 + 2.8 C the first week postweaning and 24 + 2.8 C thereafter. Reducing the nursery temperature to 24 +-2.8 C after 1 wk depressed (P<.05) intakes, gains and feed effieiencies as compared with the warmer temperature regimen.
Introduction
Weaning pigs at young ages increases the level of management necessary to maximize pig productivity. Co-mingling different litters of pigs leads to a significant increase in wounding scores as compared with rearing littermates together within a pen, and daily gains are significantly reduced during the first week postweaning as the result of comingling (McGlone and Curtis, 1985) . However, neither Hines and Thulin (1979) nor MeGlone and Curtis (1985) reported any overall reductions in gain, feed efficiency or feed intake as a result of co-mingling litters when all 21-to 28-d trials were considered. Pig growth rate is related to initial size (Graham et al., 1981; Himmelberg et al., 1985) . However, Kornegay et al. (1979) showed that ~Technical contribution no. 2542 of the South Carolina Agric. Exp. Sta., Clemson Univ.
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small pigs were able to offset their initial lighter weights through subsequent compensatory gains. Lindvall (1981) reported that a reduction of floor space/pig decreased gains, but it is uncertain if there is a maximum number of pigs that should be housed together if floor space/pig remains constant. Since temperature recommendations depend on many factors including pig size, air-flow rate, flooring material, feed intake and radiant heat loss, it is difficult to formulate a recommendation for all conditions. However, it appears that initial room temperatures in the range of 23 to 28 C promote the most favorable combinations of growth, intake and feed efficiency (LeDividich, 1981; Close and Stanier, 1984; Feenstra, 1985) . In those trials where initial temperatures were 28 C, reducing the initial room temperature by 2 C per week thereafter maintained performances at a high level. Brumm et al. (1985) found that reducing nocturnal temperature also provided another acceptable alternative for reducing the heating costs of nurseries.
The objectives of this research were to determine the effects of initial pig size, comingling of pigs from different litters, num-1201 J. Anim. Sci. 1987.65:1201--1206 bers of pigs housed/pen and reduced nursery temperatures on performance of pigs weaned at 3 to 4 wk of age and reared under farm conditions.
Experimental Procedure
General. All pigs were fed a 20% crude protein (1.1% lysine) corn-soybean mealbased diet supplemented with 6.25% corn oil and vitamins, minerals and antibiotics. The only exception was Exp. 4, wherein one-half of the pigs was fed a 20% protein, (1.1% lysine) corn-soybean meal-based diet containing 10% dried whole whey. Pigs were fed ad libitum through four-hole feeders and watered through nipple waterers. Nursery temperature was maintained at 26 C or greater except in Exp. 4. Pens were treated as experimental units. The procedures of SAS (1982) were utilized for data analyses; performance means presented herein are least-squares means.
Experiment 1. Ninety-nine pigs ranging from 21 to 25 d of age were allotted to one of four weight groupings at weaning. There were three replicates in this randomized complete block design, with blocks being replications. The four initial experimental weight groupings were: treatment 1 --light-weight pigs (~-= 3.8 kg, SD = .6); treatment 2 --mediumweight pigs (K= 5.2 kg, SD=.6); treatment 3 -heavy-weight pigs (K=6.4 kg, SD=.6); and treatment 4 -a random-weight group consisting of approximately equal numbers of the light-, medium-and heavy-weight pigs (~-= 5.2 kg, SD= 1.2). As a litter of pigs was weaned, pigs therein were sorted by weight grouping and sex and allotted in equal numbers to the light, medium or heavy groups and, as much as possible, to the random-weight group (five of nine, six of nine and seven of nine pigs in the three random-weight replicates, respectively, were of the same sex and ancestory as those pigs allotted to the light, medium and heavy groupings). Pigs were weighed at birth, at weaning and at each wk after weaning. The function y (x) = a +/~e hx was used to model growth response for each treatment group. This exponential formulation is useful where response increases at an ever-increasing rate; thus the parameter lambda is often referred to as the "intrinsic rate of increase." The principle of conditional error was utilized to provide sum of squares for hypothesis testing. The hypotheses tested were whether growth curves were coincident and whether lambdas were equal. Responses for light-, medium-and heavy-weight groups were each compared with the random-weight group response.
Experiment 2. Pigs averaging 30 d of age and 6.5 kg (n=192) were fed in pens accommodating groups of either 8, 16 or 24 pigs. Pen space/pig was held constant (.21 m2/pig), as were waterer space (one nipple waterer/eight pigs) and feeder space (one feeder hole/two pigs). In this completely random design, littermates were allotted across all treatments to remove as much litter effect as possible. Treatments were also balanced for sexes across each treatment. Orthogonal polynomials were used to determine if a response to group size occurred.
Experiment 3. Hampshire and Duroc
pigs (n=240) weaned at 21 to 28 d of age and averaging 6.4 kg were either immediately co-mingled or were reared as littermates postweaning. Litters reared as littermates were chosen at random, weaned and placed on test. For the co-mingled groups, two or three litters (born within a 2-d period) were weaned, and the pigs from those litters were co-mingled to create two pens of experimental co-mingled pigs. Pens were not balanced for sex difference, initial age or initial weight. Sources of variation in the analysis of variance included trial, treatment, breed within treatment and the trial • treatment interaction, with residual mean square serving as the error term.
Experiment 4. Four trials involving 278
pigs with an average weight of 6 kg were conducted during the winters of 1982 and 1983 to determine the effects of room temperature on performance. All trials were conducted in the winter to assure that outside temperature did not surpass the desired internal building temperature. The two temperature regimens studied were either 29-+ 2.8C (i.e., range= 26.2 to 31.8) for 4 wk postweaning or 29-+ 2.8 C for the first wk postweaning followed by 24 + 2.8 C during the remaining 3 wk of the trials. The + 2.8 C variation in temperature was largely due to the inability of the propane-fueled, gas space heater to preheat quickly and to cool down quickly once the thermostat halted gas flow to the unit. Within the nursery, air was con-tinually circulated via a central air tube at ceiling level.
Since only one building was used, a total of four trials was conducted with two trials at each temperature level. Mean outside temperatures for the two trials conducted at the higher internal temperature regimen were 12.2 and 10.6 C and at the lower internal temperature regimen, 11.6 and 914C, respectively, in 1982 and 1983 . Within each temperature study, half the pigs received the corn oil-and the other half received the whey-supplemented diets described previously. Because there were no diet • temperature interactions, only the pooled temperature response data are discussed subsequently. Pigs were allotted within a temperature trial to their respective diets in outcome groups based on sex, weight and litter. In this 2 • 2 factorial experiment, initial pen average weight was fit as a covariable in the statistical analyses. Pens were 1.67 m 2, had fiberglass-slatted floors raised .6 m above the floor, and were located about 1 m internal to the exterior building walls.
Results and Discussion
Initial Weight. An increase in weaning weight resulted in greater subsequent daily gains (table 1), which agrees with reports of Graham et al. (1981) and Himmelberg et al. (1985) . However, significant differences in gains were noted only between the lighter-and heavier-weight pigs. Growth curves for the four groups are shown in figure 1 ; a comparison of responses of the light-, medium-and heavy-weight groups with the random-weight group is presented in table 2. The growth curve for light-weight pigs was consistently below the random-or medium- weight group response but remained parallel due to similar intrinsic rates of growth. Growth curves for medium-and random-weight groups were identical. The growth curve for heavy pigs was above the random-weight group response but remained parallel due to similar intrinsic rates of growth. Pigs from all four initial weight groupings doubled their weights during the 28-d trials (table 1), indicating that average daily gains and actual physiological growth responses should be viewed separately in interpretation of young pig production data. In these trials, compensatory growth did not occur, as had previously been reported by Kornegay et al. (1979) . However, in Kornegay's trials, the initial weight differences between the lighter and heavier pigs were slightly more than 1 kg, whereas in our trials there was a 2.6-kg initial weight difference. Also, our 28-d trials could have been too short to allow pigs with a 2.6-kg differential to fully compensate. McBride et al. (1965) had shown that 70% of the variation in 8-wk weight was accounted for by weight and social rank and 55% by either weight or social rank alone. These data emphasize that heavier birth weights are associated with subsequent superior nursery performance of the earlyweaned pig.
Group Size. Increasing numbers of pigs/pen did not affect (P>.05) daily feed intakes, daily gains or feed:gain ratios (table 3) . The lack of effects may have partially been due to standardization of floor area/pig across treatment groupings; Lindvall (1981) found depressed (P<.01) gains when the number of pigs/pen was increased without a concomitant increase in floor space. Ewbank and Bryant (1972) reported that reduced floor area allotments led to increased agnostic behavior within the group. At feeding, decreased space/pig increased aggressiveness, the numbers of encounters contrary to dominance order and retaliatory interactions among pigs.
In the current studies, feeder hole and waterer numbers/pig remained constant across treatments, a fact that may have been very important in maintaining growth rates. Hansen et al. (1982) found that a paucity of feeder spaces restricted feed intake and reduced bstandard errors of least-squares mean. CStandard deviations of mean initial weights were .1, .1 and .3 for the 8-, 16-and 24-pig groups, respectively. growth rates because of its effect on social behavior among pigs. When only one feeder hole was _provded to a group, there was increased aggression by the dominant animals within the pen's social hierarchy and, in that situation, weight gains became a function of social ranking. When more feeders were available, eating activity and weight gains were reportedly increased and became independent of social rank.
Co-mingling Littermates. Co-mingling litters of pigs at weaning did not appreciably (P>.05) alter performance for the entire 35-d nursery period (table 4) , which agrees closely with the data of Hines and Thulin (1979) and McGlone and Curtis (1985) . Likewise, Sherritt et al. (1974) reported that co-mingled litter groups of growing-finishing pigs grew at rates similar to littermate-reared pigs, but only when pigs were full-fed. When limit-fed and penned at higher densities, intakes and growth rates declined in co-mingled litter groups. It is possible that under more densely populated conditions, or with more restricted feed intakes, co-mingling may not be as acceptable a practice. In neither the present study nor that of McGlone and Curtis (1985) were pigs subjected to severely limited floor CStandard deviations of initial mean weights were .8 and .2 for the co-mingled and littermatereared groups, respectively. and feeder space. In this study, .21 m 2 of floor space and one feeder hole for each two pigs were provided; McGlone and Curtis (1985) provided .4 m 2 and one feeder hole per pig.
Temperature. The abrupt 5 C average reduction in nursery temperatures on d 7 postweaning resulted in a 24% (P<.01) reduction in daily gains throughout the 28-d trials as seen in table 5. Pigs in the colder environment consumed less feed daily (P<.01) and were less (P<.05) efficient in converting feed to gain. Data reported previously suggested that cooler environments either had no effect or resulted in an increase in average daily feed intake (Fuller, 1965; Brown et al., 1976; LeDividich et al., 1980; Brumm et al., 1985; Feenstra, 1985) . In addition to the pigs in the cooler environment growing and eating less daily, they also gained less (P<.05) per unit of feed during the first 2 wk of the experiment, suggesting that some of the calories consumed were metabolized for heat production rather than growth. The signifi- cantly lower gain and feed intake at the lower temperature during the 14-to 28-d period of the experiment may partially be a reflection of the pig's smaller weights at the beginning of that growth period, because gain and intake are lower for pigs that weigh less initially (Graham et al., 1981) . It is unclear as to why gains were suppressed on the colder temperature regimen; several reports wherein temperatures were 23 C or greater have produced normal growth patterns (Fuller, 1965; LeDividich et al., 1980; Close and Stanier, 1984; Feenstra, 1985) . Perhaps part of the reason for depressed productivity relates to the + 2.8 C variation in temperatures, which was continuously occurring within the nursery. LeDividich (1981) studied pigs reared at 23.5 C or 23.5 + 3 C and found a 7% decrease in gains as well as a 7% increase in feed:gain ratios with varying temperatures. In a subsequent experiment of 6 wk duration wherein temperatures the first week were either 28 or 28 +-4C, with each followed by 26, 24, 22, 20 or 20 C weekly for the subsequent 5-wk period, respectively, overall gains were depressed (P<.05) 10% in the treatment group with a + 4 C variation during the first week postweaning. Since temperatures within conventional nurseries vary, more research seems warranted to define the exact effects of this variability at different times during the nursery growth period.
